Abstract
Introduction

41
Reverse osmosis (RO) is a well-established membrane process that is usually used to separate 42 dissolved salts and small organic molecules. Its applications range from the production of 43 ultrapure water for semiconductor and pharmaceutical use to seawater desalination for drinking 44 water production and the purification of industrial wastewater. 1 
45
Nowadays, the RO and nanofiltration (NF) membrane market is dominated by thin-film- understood. [4] [5] [6] State of the art is that the rejection of organics is governed by steric, electrostatic
57
(Donnan) and other interaction mechanisms. When organic solute is dissolved at a pH lower 58 than the pKa value of its most acidic group, or at a pH higher than the pKb of its most basic 59 group, it is considered uncharged and thereby the Donnan exclusion mechanism does not apply.
60
This was well documented in the literature. 
Computational Details
101
The organic solutes (see chemical structures in Figure 1 ) and the polyamide (PA) membrane 102 skin layer were modeled by means of the AMBER force field. 24 Structural information of the
103
PA membrane skin layer can be found elsewhere. 25 
124
and Discussion section), the force applied on the graphene walls was shut down and equilibrium
125
MD simulations were performed in the NPnT statistical ensemble 28 (5 ns of equilibration Mean Square Displacement (MSD) was computed by using the following correlation equation:
where denotes the position of a particle i at time t and N the number of particles. Equations and the numerical procedure for estimating the molar extinction coefficients were 155 described in details elsewhere. 21, 22 Main equations along with some experimental data can be 156 found in the SI. Experimentally obtained molar extinction coefficients are presented in Table Table 1 . Molar exctinction coefficients, obtained using FTIR on bare diamond, T=21°C. 
165
Temperature in the room was held constant at 21°C, with the use of air conditioning device.
166
A stainless steel liquid cell (PikeTech ATR Flow-Through Attachment) was mounted on top of 167 the crystal to enclose the polyamide films, and diffusion measurements were performed using 168 the following procedure; 1) Deionized water was injected into the liquid cell using a stainless steel syringe, The RO setup used in this study is depicted in Fig. 2 and described in details elsewhere. in order to saturate the membrane with a given solute before the rejection measurements.
187
Measurements were performed at a constant temperature of 21.0 ± 0.1 °C. RO measurements 188 were performed at transmembrane pressure differences of 11, 13, 15 and 17 bar. Concentrations 189 in feed (Cf) and permeate (Cp) were measured using Shimadzu TOC-VWS Carbon Analyzer.
190
Permeate flux was determined by weighing the permeate as a function of time. Rejection (R) of 191 each solute was calculated using:
Figure 2. RO setup used in this study. Symbols M stand for manometer and F for flowmeter.
195
Feed was circulated at constant flow rate in closed loop system at constant temperature and The sequence of relative solute affinity for the PA membrane phase was also corroborated by 242 ATR-FTIR spectroscopy performed with stacks of isolated skin layers of SWC4+ membrane.
243
Indeed, as shown in Table 2 The different contributions to the interaction energy between the organic solutes and the 251 membrane phase inferred from MD simulations are reported in Figure 6 . As expected, the 252 contribution of solute-solute interactions inside the PA membrane was found to be negligible 253 with respect to solute-PA and solute-water contributions. Interestingly, interactions with PA 254 were found more favorable for 4 aminopiperidine than for pinacolone but the opposite was true 255 for the interaction between these solutes and water confined inside the membrane, thus resulting 256 in a stronger overall affinity of pinacolone for the membrane phase with respect to water phase pinacolone's ketone group is "protected" by a bulky tert-butyl group, which makes the 264 interaction of pinacolone with water within PA weaker than that of MIBK (see Fig. 6 ). Solute-
265
PA interaction trend can be explained in a same manner. In PA both polar and non-polar 266 interactions occur. In comparison to small water molecules, which can to some extent rotate in 267 nanoconfined spaces, and therefore access and interact with both PA and confined solutes, time.
301
Finally, we experimentally determined the diffusion coefficients of all three organic within skin 302 layers of the SWC4+ membrane from FTIR spectroscopy according to the experimental interactions. This means that solute-dry polymer affinity predicted using, e.g., Hansen solubility 
